Various room temperature ionic liquids (RTILs), notably, 1-methoxyethyl-3-methylimidazolium trifluoroacetate [MeOEtMIM] + [CF 3 COO]¯ , have been used to promote the Knoevenagel condensation to afford substituted olefins. All reactions proceeded effectively in the absence of any other catalysts or co-solvents with good to excellent yields. This method is simple and applicable to reactions involving a wide range of aldehydes and ketones with methylene compounds. The ionic liquid can be recycled without noticeable reduction of its catalytic activity. A plausible reaction mechanism is proposed.
Introduction
The Knoevenagel condensation reaction is a widely employed method for carbon-carbon bond formation in organic reactions [1] . Traditionally the reaction is performed in organic solvents under homogenous conditions and in the presence of weak bases, such as ethylenediamine, pyridine, piperidine or an amino acid such as glycine, β-alanine and L-proline [1] . Recently a wide range of heterogeneous catalysts has also been used for the reaction such as natural phosphate [2] , metal oxides [3] , modified silica [4] , calcined hydrotalcites [5] , alkali metals-exchanged zeolites [6] , aluminophosphates oxynitrides [7] , alkaline earth carbonates [8] and sulphated ZrO2 [9] . In most cases, a combination of a catalyst and an organic solvent is used.
Recently, room temperature ionic liquids (RTILs) have gained wide popularity for their increasing applications in the areas of synthetic and biological chemistry. This is because they possess a number of interesting properties, especially their lack of vapor pressure, low flammability, a widely accessible temperature range and ease of reuse [10] [11] [12] [13] [14] . They are therefore considered to be environmentally friendly reaction media, which has generated an increasing interest in the application of RTILs for the Knoevenagel condensation reactions.
For example, Salunkhe et al. have reported the Knoevenagel reactions in Lewis acidic ionic liquids 1-butyl-3-methylimidazolium chloroaluminate and 1-butylpyridinium chloroaluminate [15] . Base-catalysed Knoevenagel condensation in various ionic liquids has been documented, such as with proline [16, 17] and glycine [18] [19] [20] . In addition, Khan et al. have described the Knoevenagel reaction in ionic liquids catalysed by hydrotalcite [21] . Shen and co-workers have prepared a functionalized imidazolium cation-based ionic liquid immobilized on to silica gel, resulting in a solvent free system for the Knoevenagel reaction [22] . A guanidium ionic liquid [23] and 2-pyrrolidinecarboxylic acid ionic liquid [24] have been synthesized and used as catalysts for the Knoevenagel reaction. The Knoevenagel reaction has also been performed in water catalysed by ionic liquids based on 1,4-diazobicyclo[2.2.2]octane [25, 26] .
Furthermore, use of dual functional ionic liquids for the condensation has been communicated by various research groups [27, 28] . We have also previously reported the Knoevenagel reaction in various ionic liquids [29] [30] [31] .
However it is worthwhile to note that the aforementioned approaches have various drawbacks, including the necessity to carry out procedures in an inert atmosphere [32] , harsh reaction conditions [22] , long reaction times and low yields of products [17, 19] . Some approaches need to use catalysts in addition to ionic liquids [17] [18] [19] [20] 31] . Moreover, in the most reported approaches, no ketones are involved since sterically hindered ketones are less reactive reagents than aldehydes in the Knoevenagel reaction [17-24, 26-30, 32-37] .
In our continued efforts to use ionic liquids as environmentally friendly reaction media [29] [30] [31] 38] , we have accomplished the use of various room temperature ionic liquids (RTILs), notably, 1-methoxyethyl-3-methylimidazolium trifluoroacetate [MeOEtMIM] + [CF 3 COO]¯, as efficient recyclable catalysts and reaction mediums for the Knoevenagel condensation. The reactions not only involve aldehydes but also ketones to afford substituted olefins in good to excellent yields under mild reaction conditions. The ionic liquid [MeOEtMIM] + [CF 3 COO]¯ can be recycled for up to five times with a minimal reduction in its catalytic activity. A plausible reaction mechanism is also proposed.
Results and Discussion
Ionic liquids 3a-h (Table 1) were synthesised from imidazole derivatives 1a-1c through commonly used quaternization reaction [39, 40] followed by anion metathesis [41] . The imidazole derivatives 1a-c were reacted with appropriate halides to afford halide salts 2a-e under anhydrous conditions. Treatment of these halide salts with an appropriate metal salt or an acid in various solvents afforded the required ionic liquids 3a-h in good to excellent yields.
The specific methods for the synthesis of these ionic liquids are described in the Experimental Section. A number of solvents have been reported for the quaternization reactions [42, 43] . In general, it will help to drive the reaction to completion and help the product isolation if a resulting ionic liquid is immiscible with the solvent. In order to identify suitable solvents for the quaternization reaction various solvents were investigated for the reaction between 1-methylimidazole and 1-chlorobutane. The results are shown in Figure 1 . plays a er to investigate its involvement in promoting the Knoevenagel reaction, ionic liquid 3d was prepared, in which the C-2 hydrogen was substituted with a methyl group.
The ionic liquids 3a-h prepared above were examined and compared to evaluate their efficiency for promoting the Knoevenagel reaction as outlined in Scheme 1. Benzaldehyde 4
and ethyl cyanoacetate 5 were mixed and one of the ionic liquids added and the mixture stirred for an appropriate time at 25 °C ( Table 2 ). The product 6 was extracted with diethyl ether. After removal of the solvent the crude product was purified by recrystallization. The results summarised in Table 2 It has been reported widely that the catalytic efficiency of ILs for various organic reactions is influenced by the structures of the cation and the counter anion. Chakraborti and co-workers reported that catalytic activity of ILs derived from 1-methyl-3-alkylimidazolium cations is affected by both cations and anoins for various organic reactions [48, 50, 51] Although all the ionic liquids tested demonstrated activity for promoting Knoevenagel reactions (Table 2) , an ideal ionic liquid for promoting the Knoevenagel condensation reaction should have a strong catalytic activity, a low viscosity and be economically viable for a large scale production. According to the yields and times of the reactions ( As illustrated in Table 3 , various aldehydes, including aromatic aldehydes (entries 1-10) with electron-donating groups (methyl, methoxyl and hydroxyl) or electron-withdrawing groups (chloro, nitro, carboxyl), aliphatic aldehyde (entry 15) and heterocyclic aldehyde (entry 16), reacted speedily with the active methylene compounds at 25 °C with satisfactory yields. In the case of ketones, longer reaction times were needed (entries 11-12). As ketones becomes more steric-hindrance both longer reaction times and higher temperature were applied to overcome the increased steric hindrance of the substrates (entries [13] [14] . All products were characterized by 1 H NMR and 13 C NMR. These reactions were usually stereoselective with the predominate products being the E-configuration, as reported previously in the literature [31, 52] . However, two isomers (E & Z) were obtained when acetophenone was reacted with methylene compounds but with E-geometry as the main product as revealed by Table 4 demonstrate 3f was still effective after 5 cycles with a minimal reduction in its activity. 
Conclusion
In summary, we have developed a simple and efficient procedure for Knoevenagel condensation reactions in various ionic liquids. The results obtained with 1-methoxyethyl-3-methylimidazolium trifluoroacetate (3f) show that the approach is applicable to a large number of substrates, including not only aldehydes but also ketones, to afford substituted olefins in good to excellent yields in short reaction times. The approach also has the benefit of mild reaction temperatures and easy preparation procedures. In contrast to other reported procedures in which both ionic liquids and additional catalysts are needed [17] [18] [19] [20] 31] , the ionic liquids reported here act as both a catalyst and a solvent for the reactions and can be recycled and reused for 5 times without obvious loss of its catalytic activity. Furthermore, it has been demonstrated that the catalytic activity of the ionic liquids for the Knoevenagel reactions is likely linked to their ability to form hydrogen bonds. We believe this simple and green method will be a useful alternative to the existing Knoevenagel reaction procedures.
Experimental section

General
Chemicals and solvents were used as received without purification. Melting points were determined on a 6 ]¯} (3b) [46] This was prepared as described [46] . 
1-Butyl-3-methylimidazolium hexafluorophosphate {[BMIM] + [PF
1-Butyl-2,3-dimethylimidazolium trifluoroacetate {[BMMIM] + [CF 3 COO]¯} (3d)
1-Butyl-2,3-dimethylimidazolium chloride [BMMIM]
+ Clˉ (2b): 1,2-Dimethylimidazole (1b, 9.6 g, 0.1 mol) was mixed with 2-chlorobutane (12 mL, 0.11 mol). The mixture was stirred at 80 °C for 24 h. The crude product was purified by recrystallisation in acetonitrile/ether and dried under reduced pressure. Yield: 12.65 g (65% For the synthesis of 3f, a similar method was followed as described for the synthesis of 3c. 1-methoxyethyl-3-butylimidazolium chloride (2e, 6.7 g, 0.03 mol), prepared as described [42] , was dissolved in acetone. CF 3 SO 3 Na (5.3 g, 0.03 mol) dissolved in acetone was added to the above solution. Following that a similar procedure was followed as for the synthesis of 3c. Yield: 6.75 g (66% 
Knoevenagel Condensation Reactions
An aldehyde or a ketone (5 mmol) and an alkylcyanoacetate (5 mmol) were mixed in one of the ionic liquids (5 mmol) listed in Table 2 . The reaction mixture was stirred for an appropriate time at 25 °C or 50 °C (Tables 2 and   3 ). When TLC analysis (diethyl ether/petroleum ether = 1/2, 1/4 or 1/6) indicated the reaction was complete, the resulting product was extracted with ether (3 × 10 mL), and the extraction was washed with water (3 × 10 mL).
Ether was removed by rotary evaporation. The product was further purified by recrystallization. To recycle the ionic liquid, the used ionic liquid was washed with ethyl acetate (3 × 10 mL) and then was kept under high vacuum (4 mm Hg) at 80 °C for 3 h. [31] Mp: 91-92 °C. 
(E) Ethyl-2-cyano-3-phenyl-2-propenoate (9a)
[
(E) Ethyl-2-cyano-3-(4-chlorophenyl)-2-propenoate (9b)
(E) Methyl-2-cyano-3-(4-hydroxyphenyl)-2-propenoate (9j)
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